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XIII.  An  Account  of  Experiments  made  hy  Mr.  John  Nab, 
at  Henley  Houle,  Hudfon’s  Bay,  relating  to  freezing  Mix-> 
tures.  By  Henry  Cavendifli,  Ef(i.  R,  S.  and  A.  S, 

Read  February  1786. 

TN  my  obfervations  on  Mr.  Hutchins’s  Experiments, 
printed  in  the  LXXIIId  volume  of  the  Philofophical  Tran- 
fadlions,  I  gave  my  opinion  concerning  the  caufe  of  the  cold 
produced  by  mixing  fnow  with  different  liquors.  As  there 
were  fome  circumftances,  however,  which  feemed  to  form  a 
difficulty  in  the  way  of  this  opinion,  I  was  defirous  of  having 
further  experiments  made  on  the  fubje6l ;  and  at  the  fame 
time  I  thought  that,  by  proper  management,  a  greater 
degree  of  cold  might  be  produced  than  had  hitherto  been 
done.  On  mentioning  the  experiments  I  wifhed  to  have 
made  to  Mr.  Hutchins,  he  very  obligingly  defired  Mr. 

Nab,  Mafter  at  Henley-Houfe,  to  try  them;  who  was  fo 
'good  as  to  undertake  the  bufinefs,  and  has  executed  it  in  the 
moft  fatisfadlory  manner  ;  as  he  has  not  only  taken  great  pains, 
but  has  fhewn  the  utmoft  attention  and  accuracy,  in  obferving 
tind  relating  all  the  phaenomena  which  occurred,  and  has  mani- 
fefted  great  judgement  in  frequently  adapting  the  manner  of 
trying  the  experiments  to  appearances  which  occurred  in  for* 
auer  ones,  to  which  we  are  indebted  for  great  part  of  the  moft 
curious  fads  in  this  paper.  His  endeavours  have  alfo  been 
attended  with  much  fuccefs,  as  he  has  not  only  (hewn  many 
I'cmarkable  circumftances  relating  to  the  freezing  of  the  nitrous 
VoL.  LXXVI.  I  i  and 
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and  vitriolic  acids,  and  the  phaenomena  of  freezing  mixtures^ 
but  has  alfo  produced  degrees  of  cold  greatly  fuperior  to  ahjr^ 
before  known.  . 

1.  In  the  above-mentioned  Paper  I  faid,  that  the  cold  pro¬ 
duced  by  mixing  ipirit  of  nitre  with  fnow,  is  owing  to  the 
melting  of  the  fnow;  and  that  in  all  probability  there  is  a 
certain  degree  of  cold,  in  which  fpirit  of  nitre  is  fo  far  from 
diffolving  fnow,  that  it  will  yield  out  part  of  its  own  water, 
and  futfer  that  to  freeze,  as  is  the  cafe  with  folutions  of  com¬ 
mon  fait;  fo  that  if  the  cold  of  the  materials,- before  mixing^, 
is  equal  to  this,  no  additional  cold  can  be  produced.  A  cir- 
cumftaiice,  however,  which  at  firft  fight  feems  repugnant  to 
this  opinion,  occurred  in  an  experiment  of  Fahrenheit’s  for 
producing  cold  by  a  mixture  of  fpirit  of  nitre  and  ice  ;  namely, 
that  the  acid,  which  had  been  repeatedly  cooled  by  different  fri- 
gorlfic  mixtures,  was  found  frozen  before  it  was  mixed  with 
the  ice  ;  notwithftanding  which,  cold  was  produced  by  the  mix¬ 
ture.  Profeflbr  Braun  alfo  found,  that  cold  was  produced  by 
mixing  frozen  fpirit  of  nitre  with  fnow.  Oh  confideration> 
however,  this  appeared  by  nn  means  Inconfiftent ‘with  the  opi¬ 
nion  there  laid  down,,  as  there  was  great  reafon  to  think,  that 
tlie  freezing  of  the  acid  was  of  a  different  kind  from  that  con- 
fidered  in  the  above-mentioned.  Paper,  and  that  It  did  not  pro¬ 
ceed  from  the  watery  part  feparating  from  the  reft  and  freez¬ 
ing  ;  but  that  the  whole  acid,  or  perhaps  the  more  concentrated 
part,  froze  ;  in  which  cafe  it  w^ould'  not  be  extraordinary  that 
the  acid  fhould  diffolve  more  fnow,  and  produce  cold.. 

2.  To  clear  up  this  point,  I  fent  to  Hudfon’s  Bay  a  bottle  of 
fpirit  of  nitre,  of  nearly  the  fame  ftrength  as  Fahrenheit’s; 
and  defired  Mr.  Nab  to  expofe  it  to  the  cold,  and,  if  it 
froze,  to  afcertain  the  temperature,  and  decant  the  fluid  part  into 
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another  bottle,'  and  fend  both  home  to  be  examined,  as  it 
would  thereby  be  known,  whether  It  was  the  whole  acid,  or 
only  the  watery  part,  which  froze,  For  the  fame  purpofe  alfol 
fent  fome  dephlogifticated  fpirit  of  nitre  of  the  fame  ftrength, 
and  alfo  fome  ftrong  oil  of  vitriol.  I  alfo  fent  fome  fpirit  of . 
nitre  and  fpirit  of  wine,  both  diluted  with  fo  much  water,  that 
It  was  expefted,  that  with  the  cold  of  Hudfon’s  T3ay  they 
would  fuffer  the  .  firft  kind  of  congelation  ;  that  is,  their  wa¬ 
tery  part  would  freeze,  and  thereby  make  the  difference  between 
the  two  kinds  of  freezing  more  apparent. 

3,  In  the  fame  Paper  I  fay,  That  on  adding  fnow  gra- 
dually  to  fome  of  the  fpirit  of  nitre  u fed  by  Mr.  Hutchins, 

I  found,  that  the  addition  of  a  fmall  quantity  produced  heat 
inhead  of  cold  ;  and  it  was  not  until  fo  much  was  added  as  to 
Increafe  the  heat  from  28^  to  51%  that  the  addition  of  more 
“  fnow  began  to  produce  cold  ;  the  quantity  of  fnow  required 
for  this  purpofe  being  pretty  exadlly  one  quarter 'of  the 
“  weight  of  the  fpirit  of  nitre,  and  the  heat  of  the  fnow  and 
air  of  the  room,  as  well  as  the  acid,  being  28°.  The  reafon 
of  this  is,  that  a  great  deal  of  heat  is  produced  by  mixing 
water  with  fpirit  of  nitre,  and  the  ftronger  the  fpirit  is,  the 
greater  is  the  heat  produced.  Now  it  appears  from  this 
“  experiment,  that  before  the  acid  was  diluted,  the  heat 
produced  by  its  union  with  the  water  formed  from  the  melted 
V  fnow  was  greater  than  the  cold  produced  by  the  melting  of 
the  fnow  ;  and  it  was  not  till  it  was  diluted  by  the  addition 
of  one  quarter  of  its  weight  of  that  fubftance,  that  the  cold 
‘‘  generated  by  the  latter  caufe  began  to  exceed  the  heat  gene- 
“  rated  by  the  former.  From  what  has  [)een  laid,  it  is  evi- 
“  dent,  that  the  cold  of  a  freezing  mixture,  made  with  the 
“  undiluted  acid,  cannot  be  quite  fo  great  as  that  made  with 
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the  fame  acid,  diluted  with  a  quarter  of  Its  weight  of  vvater^ 
‘‘  fiippofing  the  acid  and  fnow  to  be  both  at  28^  of  heat;  and 
there  Is  no  reafon  to  think,  that  the  event  will  be  different  if 
‘‘they  are  colder;  for  the  undiluted  acid  will  not  begin  to 
“  generate  cold,  until  fo  i-Quch  fnow  is  dilToived  as  to  increafe 
“  its  heat  from  28°  to  51°,  fo  that  no  greater  cold  will  be 
“  produced,  than  would  be  obtained  by  mixing  the  diluted  acid 
“  heated  to  o'"  with  fnow  of  the  heat  of  28'^.  This  method 
of  adding  fnow  gradually  to  an  acid,  is  much  the  beft  way 
“  1  know  of  finding  what  flrength  it  ought  to  be  of,  in  order 
“  to  produce  the  greateft  effedl  poffible.” 

As  it  feemed  likely  that,  by  following  this  method,  a  greater 
degree  of  cold  might  he  produced  than  had  been  done  hitherto,. 
J  fent  three  other  bottles  of  fplrit  of  nitre  and  oil  of  vitriol,  all 
three  diluted,  but  not  fo  much  lo,  but  that  I  thought  they 
would  require  a  little  further  dilution,  in  order  to  reduce  them 
to  their  propereft  degree  of  flrength.  I  alfo  fent  a  bottle  of 
Ifighly  refclfied  fplrit  of  wine,  and  a  mixture  of  equal  quanti¬ 
ties  of  the  above-mentioned  common  fpirit  of  nitre  and  oil  of 
vitriol ;  and  defired  Mr.  Nab  to  find  what  degree  of  cold 
could  be  produced  by  mixing  thena  with  Inovv,  after  having 
frft  reduced  them,  in  the  above-mentioned  manner,  to  their  befb 
degree  of  flrength 

He  was  alfo  defired  to  afcertaln  how  much  fnow  he  added  j 
for  as  their  flrength  was  determined  before  they  were  fent  out,, 
it  would  thereby  be  known  what  was  the  befl  flrength  of  thefo^ 
liquors  for  frigorlfic  mixtures. 

This  might  have  been  done  at  home ;  but  I  thought  k  not  ualikely  that  the- 
iuength  hound  this  way  might  differ,  in  home  meafure,  according  to  the  heat 
which  the  experiment  was  tried. 


Ali 
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•  All  thefe  bottles  were  numbered  with  a  diamond  ;  and  as  I 
fliall  fometimes  diiVinguifli  them  by  thefe  numbers,  and  as  It 
may  be  of  ufe  to  thofe  who  may  confult  the  original,  1  have 
added  the  following  llil:  of  thefe  bottles,  with  their  contents. 


N° 

Liquors  mentioned  in  Art.  3. 

Weight  of 
marble  which 
chey  diflblve. 

1  Specific 
gravity  at 
6o°of  heat. 

168 

Spirit  of  nitre, . 

,582 

'>4371 

27 

:  Dephlogifticated  fpirit  of  nitre,  .... 

>53 

.654 

1,4040 

'03, 

Diluted  oil  of  vitriol,  ...  .... 

L559^ 

28 

Equal  weights  of  168.  and  N°  103.  . 

8 

Very  highly  redilied  fpirit  of  wine,  • 

Liquors  mentioned  in  Art,  2. 

,8195 

Strong  oil  of  vitriol, . 

,98 

00 

'  142 

Spirit  of  nitre, . . 

Some  of  the  fame  diluted  with  twice  its  weight  ] 

o2s  : 

1,4043  j 

■39 

of  water, . J 

mm. 

141 

Dephlogihicated  fpirit  of  nitre,  .... 
Some  of  the  fame  fpirit  of  wine  as  in  N°  8.1 

>53 

L4033  ! 

i 

diluted  v/ith  i|  its  weight  of  water,  .  / 

.  -  ~  i 

■  72 

Dilutedoilofvitriolforcoraparing  thethermcmeters, 

,629 

j 

—  J 

171 

Oil  of  vitriol  of  about  the  ufual  ftrength,  but  the 

1 

» 

exad  ftrength  not  known,  intended  to  refrefti 
the  former  when  too  weak. 

1 

\ 

i 

i 

4.  Profelfor  Bi^aun  fays,  that  by  mixtures  of  fnow  and 
fplrit  of  nitre  he  funk  thermometers  filled  with  oil  of  faffafras, 
and  feme  other  eflential  oils,  to  -  100''  ©r  —  124° ;  and  that,  by 
the  fame  means,  he  funk  thermometers  filled  with  the  higheft 
redlfied  fplrit  of  wine  to  --  148''.  I'hough  there  feemed  great 
reafon  to  think,  from  Mr.  Hutchins’s  experiments,  that  there 
muft  be  fome  miftake  in  this  ;  yet,  as  it  was  poffible  that  the 
eflential  oils,  and  even  fplrit  of  wine  of  a  ftrength  much  different 
from  that  with  which  Mr.  Hutchins’s  thermometers  were 
filled,  might  follow  a  confiderably  diflerent  progreflion  In  their 

contradioa 
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contraflloii  by  great  degrees  of  cold,  I  fent  a  thermometer 
filled  with  oil  of  faifafras,  and  two  others  with  fpirits  of  wine. 
One  of  thefe  laf!:  was  filled  with  the  higheft  redlified  fpirits  I 
could  procure,  its  fpecific  gravity  at  60°  of  heat  being  98185  ; 
the  other  was  intended  to  be  filled  with  common  fpirits,  though 
from  circumftances  I  am  Inclined  to  fufpeft  that  alfo  to  have 
been  filled  with  the  beft  fpirits.  Befides  thefe,  there  was  fent  a 
mercurial  thermometer,  accurately  adj Lifted,  according  to  the 
dlredllons  of  the  Committee  of  the  Royal  Society,  printed  in 
the  LXVlIth  volume  of  the  Tranfact ions ;  and  alfo  the  two 
fplrit  thermometers  ufed  by  Mr.  Hutchins,  which  were  filled 
with  I'pirits  whofe  fpecific  gravity  was  ,824^. 

Thefe  thermometers  were  compared  together  by  expofing 
them  to  the  cold,  with  their  balls  Immerfed  in  a  glafs  v’eflel  , 
filled  with  diluted  oil  of  vitriol.  They  were  at  times  alfo  com¬ 
pared  In  cold  more  violent  than  the  natural  cold  of  the  climate, 
by  adding  fnow  to  the  acid  in  which  they  were  tried,  in  which 
cafe  care  was  taken  to  keep  the  mixture  frequently  ftirred.  Oil 
of  vitriol  was  recommended  for  this  purpofe,  as  a  fluid  which 
would  moft  likely  bear  any  degree  of  cold  without  freezing, 
and  whofe  natural  cold  might  be  much  Increafed  by  the  addition 
of  fnbw.  It  feems  to  have  anfwered  the  purpofe  very  well, 
and  not  to  have  been  attended  with  any  Inconvenience. 

During  the  firfl:  comparifon  of  tliefe  thermometers,  a  whitifli 
globule,  fuch  as  thofe  which  appear  in  frozen  oil,  was  ob- 
ferved  in  the  tube  of  the  thermometer  filled  wfith  oil  of  fafla- 
fras.  This  appearance  of  congelation  did  not  much  Increafe  ; 
but  two  days  after  a  large  air  bubble  was  found  in  its  ball, 
which  prevented  Mr.  Nab  from  making  further  obferva- 
rions  with  it. 


It 
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It  Is  well  known,  that  fpirit  of  wine  expands  more  bj.’  a 
given  number  of  degrees  of  a  mercurial  thermometer  in  warm 
temperatures  than  in  cold  ones ;  and  this  inequality,  as  might 
be  expedled,  was  lefs  in  the  ftronger  fpirit  than  in  the  weaker, 
but  the  difference  wa&  inconfiderable.  The  oil  of  faffafras  alfo 
had  fome'of  this  inequality,  but  much  lefs.  it  however  ap¬ 
pears  to  be  by  no  means  a  proper  fluid  for  filling  thermometers 
with.  No  appearance  was  obferved  which  indicates  )any  confi- 
derable  irregularity  in  the  contraftion  of  fpirits  of  wine  in  in- 
tenfe  cold,  or  which  renders  it  probable,  that  thermometers 
filled  therewith  could  be  funk  by  a  mixture  of  fnow  and  fpirit 
of  nitre  to  a  degree  near  approaching  to  that  mentioned  by 
Profeflbr  Braun. 

.  6.  Mr,  Nab  in  his  experiments  fometimes  ufed  one 
thermometer  and  fometimes  another;  but  in  the  following 
pages  !  have  reduced  all  the  obfervations  to  the  fame  ftandard 
hamely,  in  degrees  of  cold  lefs  than  that  of  freezing  mercury 
I  have  fet  down  that  degree  which  w^ould  have  been  fhewn  by 
the  mercurial  thermometer  in  the  fame  circurnftan'ces ;  but  as 
that  could  not  have  been  done  in  greater  degrees  of  cold,  as  the 
mercurial  thermometer  then  becomes  of  no  ufe,  I  found  how 
much  lower  the  mercurial  thermometer  flood  at  its  freezing 
point,  than  each  of  the  fpirit  thermometers,  and.  increafed  the 
cold  fhewn  by  the  latter  by  that  difference. 

On  the  common  and  dephlhgificated  Acids  of  Nitre.- 

The  following  experiments  fhew,  that  both  thefe  acids  are- 
capable  of  a  kind  of  congelation,  in  which  the  whole,  and  not 
merely  the  watery  part,  freezes.  Their  freezing  point  alfo* 

differs. 
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differs  greatly  according  to  the  ftrength,  and  varies  according 
to  a  very  unexpedled  law.  Like  water  too  they  bear  being 
cooled  very  much  below  their  freezing  point  before  the  conge¬ 
lation  begins,  and  as  foon  as  that  takes  place,  immediately  rife 
up  to  the  freezing  point, 

,7.  On  the  morning  of  Feb,  i.  the  common  and  dephlo- 
giftlcated  fpirits  of  nitre,  N’  142  and  141,  whofe  fpecific  gra¬ 
vities  were  1,4043  and  1,4033,  were  found  clear  and  fluid, 
the  cold  of  the  air  at  that  time  being  -  47°,  They  alfo  bore 
being  fliook  without  any  alteration  ;  but  on  taking  out  their 
ftoppers,  both  of  them  in  a  few  minutes  began  to  freeze,  the 
congelation  beginning  by  a  white  appearance  at  top,  which 
gradually  fpread  to  the  bottom  ;  and  they  became  fo  thick  as 
not  to  move  on  inclining  the  phial.  For  want  of  a  thermo¬ 
meter  whofe  ball  reached  far  enough  below  its  fcale,  Mr, 
Nab  was  not  able  to  determine  their  cold  while  In  the 
bottle  ;  but  In  fomewhat  more  than  an  hour’s  time,  the  frozen 
acid  had  fo  much  fubfided  as  to  admit  of  his  pouring  a  little 
fluid  matter  out  of  each  into  a  glafs  with  a  thermometer  ia 
it  * ;  whereby  the  cold  of  the  common  fpirit  of  nitre  was 
found  to  be  —  3  ,  and  that  of  the  dephlogifticated  acid  —  30% 

the  temperature  of  the  air  being  —  4 1°,  Each  of  thefe  de- 
cattted  liquors,  at  the  time  their  temperature  was  tried,  was 
full  of  fmall  fpkula  of  Ice :  they  were  *then  put  into  phials 
well  flopped,  and  they,  as  w^ell  as  the  undecanted  liquors,  fent 
home  to  be  examined.  The  decanted  part  of  the  common 

*  It  jnay  be  alked,  "why  it  was  more  poffible  to  decant  any  liquor  at  this  time 
than  at  firft,  as  the  acid  was  all  the  while  expofed  to  a  cold  much  below  the 
freezing  point  ?  The  reafon  in  all  probability  is,  not  that  any  part  of  the  ice  firll 
formed  dilfolved,  but  that  the  fmall  filaments  into  which  it  .ihot  coik(fi:ed  toge¬ 
ther,  and  in  fome  meafurc  fubfided  to  tire  bottom, 

fpiric 
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fplrlt  of  nitre  diffolved  ,535  of  its  weight  of  marble,  and  the 
undecanted  part  ,523  ;  for  which  reafon  I  fliall  call  the  flrength 
of  the  former  ,535,  and  that  of  the  latter  ,52  ;  ;  which  mode  of 
reckoning  is  obferved  in  the  remaindel*  of  this  Paper.  The 
flrength  of  the  decanted  part  of  the  dephlogifticated  acid  was 
,56,  and  that  of  the  undecanted  part  ,528  ;  fo  that  It  appears 
that  in  each  of  thcfe  acids  the  unfrozen  part  was  a  little 
flronger  than  the  frozen  part.  It  is  remarkable,  that  in  the 
common  fpirit  of  nitre,  the  decanted  part,  though  flronger 
than  the  other,  was  paler  coloured  and  lefs  fuming. 

8.  On  Dec.  21,  the  temperature  of  the  air  being  —28'^, 
fome  dephlogifllcated  fpirit  of  nitre  (N"*  27.)  of  nearly  the 
fame  flrength  as  the  former  acid,  was  poured  into  a  jar.  In 
order  to  be  diluted,  with  fnow,  as  recommended  in  Art.  2.  Im^ 
mediately  after  it  was  decanted,  it  began  to  freeze,  in  the  fame 
manner  as  before  deferibed,  except  that  a  lefs  portion  of  If 
feems  to  have  congealed :  its  temperature,  tried  by  dipping  a 
thermometer  into  it,  was  —  19°,  where  It  remained  flationary 
for  many  minutes ;  it  was  then  diluted  with  fnow,  as  will  be 
mentioned  in  Art.  14.  whereby  its  flrength  was  reduced  to 

5434- 

9.  On  Dec.  29th,  this  diluted  acid  was  completely  melted, 
and  half  of  it  poured  into  a  jar  with  a  ground  flopper,  and 
both  portions  expofed  to  the  air.  In  the  morning  they  were 
perfedlly  fluid ;  but  on  taking  the  flopper  out  of  the  jar, 
and  dipping  In  It  a  thermometer,  the  acid  immediately  froze, 
beginning  by  forming  a  white  coat  round  the  ball  of  the  ther¬ 
mometer,  which  gradually  fpread  through  the  whole  fluid  ; 
and  at  the  fame  time  the  thermometer  rofe  till  it  flood  flatlo- 
nary  at  -  f.  The  cold  of  the  acid  before  it  began  to  freeze 
mufl  have  been  about  —30°!,  that  being  the  temperature  of  a 

VoL.  LXXVI.  ..  K  k  glafs 
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glafs  of  vitriolic  acid  Handing  near  it ;  but  the  thermometer 
which  was  dipped  into  it  was  five  or  fix  degrees  colder,  which 
feems  to  be  the  caufe  of  the  congelation  beginning  round  the 
ball. 

In  the  afternoon  a  thermometer  was  dipped  into  the  other 
half  of  the  acid,  where,  as  the  weather  had  grown  lefs  cold, 
it  Hood  above  a  minute  at  ~  25°,  without  freezing  ;  then,  how¬ 
ever,  the  acid  froze,  with  the  fame  appearance  as  in  the  morn¬ 
ing,  and  at  the  fame  time  the  thermometer  rofe  to  —  4°,  and 
became  ftationary. 

This  acid,  being  left  in  the  air  with  the  thermometer  in  it, 
was  found  in  the  evening  at  —  45® ;  it  however  was  not  intirely 
frozen,  being  only  thick  as  an  unguent,  which  fliews  that  the 
unfrozen  part  muft  have  been  of  a  different  ftrength  from  the 
frozen  part ;  but  it  does  not  appear  whether  ftronger  or  weaker. 
The  next  morning  it  was  frozen  folid,  though  the  cold  was 
only  half  a  degree  greater. 

On  Jan.  1 6th,  this  acid  was  again  tried  in  the  fame  manner ; 
it  then  fuffered  a  thermometer,  whofe  ball  had  been  previoufly 
warmed  in  the  hand,  to  be  dipped  into  it,  and  remain  there 
feveral  minutes  without  freezing,  though  its  temperature  was 
—  35®.  But  on  lifting  up  the  thermometer,  a  drop  fell  from  its 
ball  into  the  acid,  which  immediately  fet  it  a  freezing,  and 
it  rofe  up  to  —  4°i . 

10.  On  Dec.  22d,  the  fpirit  of  nitre  (N°  168.)  which  a 
few  days  before  had  been  diluted  with  fnow,  fo  as  to  be  re¬ 
duced  to  the  ftrength  of  ,41 1,  was  divided  into  two  equal  parts, 
and  expofed  to  the  cold.  On  Dec.  29th,  when  the  temperature 
of  the  air  was  ~  one  of  thefe  parts  was  found  beginning 
to  freeze  ;  the  other  was  fluid,  but  began  to  freeze  on  dipping 
in  a  thermometer ;  the  thermometer  in  both  kept  ftatlonary  at 
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—  i®|.  The  latter  was  twice  re  melted  and  exj^ofed  to  the 
cold,  and  both  times  the  temperature  of  t!ie  frozen  acid  canae 
out  the  lame  as  before. 

1 1,  The  white  colour  of  the  ice  in  thefe  experiments  feems 
owing  only  to  its  confifting  of  very  {lender  filaments  ;  for  in 
fome  cafes,  where  it  froze  flower,  and  where,  in  confcquence, 
it  Ihot  into  larger  folid  maifies,  they  were  tranfparent,  and  of 
the  fame  colour  as  the  acid  itfelf.  By  the  continuance  of  a 
fuificient  cold,  the  acid,  which  by  hafty  freezing  put  on  the 
white  appearance,  would  become  hard  folid  ice,  but  yet  ftill 
retained  its  white  appearance,  owing  perhaps  to  the  filaments 
firft  fliot  confiftlng  of  an  acid  differing  in  ftrength  from  that 
which  froze  afterwards,  and  filled  up  the  interftices. 

In  all  thefe  experiments,  wdiether  the  ice  was  formed  into 
minute  filaments  or  folid  mafles,  ftill,  whenever  there  was  a 
fufficient  quantity  of  fluid  matter  to  adnfit  of  it,  they  con- 
ftantly  fubfided  to  the  bottom ;  a  proof  that  the  frozen  part 
was  heavier  than  the  unfrozen.  The  difference  Indeed  is  fo 
great,  that  in  one  cafe  where  it  froze  into  Iblid  cryftals  on  the 
furface,  thefe  cryftals,  when  detached  by ,  agitation,  fell  with 
force  enough  to  make  a  tinkling  iiolfe  againft  the  bottom  of 
the  glafs. 

Thefe  acids  contra£l  very  much  on  freezing.  Whenever  the 
acid  is  frozen  folid,  the  furface,  inftead  of  being  elevated 
in.  ridges,  like  frozen  water,  is  depreflfed  and  full  of  cracks. 
In  one  experiment  Mr.  M*"  Nab,  after  a  glafs  almoft  full  of 
acid  was  nearly  frozen,  filled  it  to  the  brim  with  frefh  acid ; 
and  then,  after  It  was  completely  frozen,  the  furface  was  vifi- 
bly  depreflTed,  with  fiflTures  one-eighth  of  an  inch  broad,  ex¬ 
tending  from  top  to  bottom.  It  is  this  contradlion  of  the  acid 
ill  freezing  which  makes  the  frozen  part  fubfide  in  the  fluid 
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part ;  as  It  was  found,  in  the  undiluted  acid,  that  the  latter  con¬ 
fined  of  a  fironger,  and  confequently  heavier,  acid  than  the 
former.  But  ftill  the  fubfidence  of  the  frozen  part  fliews,  that 
the  ice  is  not  mere  water,  or  even  a  very  dilute  acid ;  which 
indeed  was  proved  by  the  examination  of  the  liquors  •  fent 
home. 

The  ninth  and  tenth  articles  fhew,  that  though  the  acids 
hear  being  cooled  greatly  below  the  freezing  point,  without 
any  congelation  taking  place,  yet  as  foon  as  they  begin  to 
freeze  they  immediately  rife  up  to  their  freezing  point ;  and 
this  point  is  always  very  nearly,  if  not  exadlly,  the  fiime  in  the 
fame  acid  ;  for  thofe  acids  were  frozen  and  melted  again  three 
or  four  times,  and  were  cooled  confiderably.more  below  the 
freezing  point  in  one  trial  than  another,  and  yet  as  foon  as 
they  began  to  freeze  the  thermometer  immerfed  in  them  con- 
ftantly  rofe  nearly  to  the  fame  point. 

The  quantity  which  thefe  acids  will  bear  being  cooled  below 
the  freezing  point,  without  freezing,  is  remarkable.  The 
diluted  Ipirit  of  nitre,  whofe  freezing  point  is  —  once  bore 
being  cooled  to  near  —  39°,  without  freezing,  that  is,  near  37 
degrees  below  its  freezing  point.  The  diluted  dephlogifticated 
Ipirit  of  nitre,  whofe  freezing  point  is  —  5°,  bore  cooling  to  —  35® ; 
and  the  dephlogifticated  fpiritof  nitre  (141)  whofe  true  freezing 
point  is  moft  likely  —  19°  f fee  next  article )  bore  being  cooled  to 
-49°:  perhaps  too  they  might  have  born  to  be  cooled  confi- 
derably  lower  without  freezing,  but  how  much  does  not  appear, 
ft  muft  be  obferved,  however,  that  the  fame  diluted  fpirit 
which  at  one  time  bore  being  cooled  to  —  39°,  at  another  froze, 
without  any  apparent  caufe,  when  Its  cold  was  certainly  Icfs 
than  —  30'^,  and  moft  likely  not  much  below  -18®. 

4  .  ,  12. 
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12.  The  freezing  point  differs  remarkably,  according  to  the 
ftrength  of  the  acid.  In  the  diluted  dephloglfticated  and  com¬ 
mon  fpirit  of  Art.  7.  and  8.  the  freezing  point  was  —  f  and 
—  i°|.  In  the  dephloglfticated  and  common  fpirit  of 
Art.  5.  the  decanted  parts  of  which  were  ftronger  than  the 
foregoing  in  fcarcely  fo  great  a  proportion  as  that  of  four  to 
three,  it  feemed  to  be  -  30°  and  —31°!.  It  may  indeed  be  fuf- 
pedlcd,  that  as  this  point  was  determined  only  by  pouring  a 
fmall  quantity  of  the  acid  into  a  glafs,  at  a  time  when  the  air 
and  glafs  were  much  colder  than  the  acid,  thefe  decanted 
liquors  might  be  cooled  by  the  air  and  glafs,  and  thereby  make 
the  freezing  point  appear  lower  than  it  really  was  :  but  I  do 
not  think  this  could  be  the  cafe ;  for  as  the  decanted  liquors 
were  full  of  fmall  filaments  of  ice,  they  could  hardly  be  cooled 
fenfibly  below  their  freezing  points  without  freezing ;  and  any 
cold,  communicated  to  them  by  the  air  or  glafs,  would  ferve 
only  to  convert  more  of  them  into  ice,  without  fenfibly  in- 
creafing  their  cold  :  fo  that  I  think  this  experiment  determines 
the  true  freezing  point  of  their  decanted  part;  but  It  muft  be 
obferved,  that  as  the  decanted  part  was  rather  ftronger  than 
the  reft,  it  is  very  poffible  that  the  freezing  point  of  the  unde« 
canted  part  might  be  confiderably  lefs  cold. 

A  clrcumftance  which  might  incline  one  to  think,  that  the 

way  by  which  the  freezing  point  was  determined  in  this  expe- 
♦ 

riment  Is  defective  is,  that  the  freezing  point  of  the  dephlo- 
gifticated  acid  27.  though  nearly  of  the  fame  ftrength  as 
that  laft  mentioned,  but  rather  ftronger,  w^as  much  lefs  low, 
being  only  —  19®.  But  I  have  little  doubt  that  the  true  reafoa 
of  this  is,  that  in  the  former  acid  the  ftrength  of  the  decanted 
part,which  is  the  part  whofe  freezing  point  was  tried,  was  found 
to  be  at  leaft  greater  than  that  of  the  whole  mafs ;  whereas 


in 
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in  27.  the  fluid  part  was  in  all  probability  not  fenfibly 
ftronger  than  the  whole  mafs;  for  as  N°  27,  w^as  cooled  only 
feven  degrees  below  the  freezing  point,  and  Its  temperature 
was  tried  foon  after  its  beginning  to  freeze,  not  much  of  the 
acid  could  have  frozen  ;  whereas  the  other  was  cooled  1 5  degrees 
below  its  freezing  point,  and  was  expofed  for  an  hour  or  two 
to  an  air  not  much  lefs  cold,  in  confequence  of  which  a  con- 
Ijderable  part  of  the  acid  muft  have  frozen  ;  fo  that  In  all  pro¬ 
bability  the  acid,  whofe  freezing  point  was  found  to  be  —30°, 
was  in  reality  part  ftronger  than  that  whofe  freezing  point 
was  —  19°. 

If  this  reafoning  be  juft,  the  freezing  point  of  thefe  acids  is 
as  follows  ; 


Freezing 

point. 

1 

.56 

-3°° 

Dephlogiftlcated  Ipirit  of  nitre,  whofe  ftrength  = 

>53 

-19 

’437 

-  4l 

Common  fpirit  of  nitre,  whofe  ftrength  = 

>54 

,411 

-312 

-  If 

On  the  Phenomena  objerved  on  mixing  Snow  with  thefe  Acids. 

1^.  On  Dec.  13,  fnow  was  added  to  the  fpirit  of  nitre  N° 
168,  as  recommended  in  Art.  2.  The  fnow  was  putin  very 
gradually,  and  time  was  taken  to  find  what  effefl:  each  addition 
had  on  the  thermometer  and  mixture,  before  more  was  added. 
The  temperature  of  the  acid  before  the  mixture  was  —  27®,  and 
each  addition  of  fnow  ralfed  the  thermometer  a  little,  till  it 
rqfe  to  —  ;  after  which  the  next  addition  made  it  fink  to  —  2% 

which  Ihewed  that  fufficient  fnow  had  then  been  added.  The 

quantity 
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quantity  of  fnow  ufed  was  pretty  exaftly  of  the  weight  of 
the  acid,  the  weight  of  the  acid  being  13  oz.  fo  that  the- 
ftrength  of  the  diluted  acid  was  reduced  to  ,41 1. 

Th  e  acid  before  the  addition-  of  fnow  had  no  figns  of  freez¬ 
ing,  Its  temperature  being  in  all  probability  much  above  its 
freezing  point ;  yet  the  fnow  did  not  appear  to  diffolve,  but 
formed  thin  white  cakes,  which  however  did  not  float  on  the- 
furface,  but  fell  to  the  bottom,  and  when  broke  by  the  fpa- 
tula  formed  a  gritty  fediment ;  fo  that  It  appears,  that  thefe 
cakes  are  not  Amply  undifl'olvcd  fnow,  but  that  the  adjoining 
acid  abforbed  fo  much  of  the  fnow  in  contadt  with  it,  as  to 
become  diluted  fufficiently  to  freeze  with  that  degree  of  cold, 
and  then  congealed  into  thefe  cakes.  The  quantity  of  con¬ 
gealed  matter  feems  to  have  kept  increaflng  till  the  end  of  the 
experiment. 

14.  On  Dec.  21,  an  experiment  was  made  in  the  fame 
manner  with  the  dephlogifticated  fpirit  of  nitre  N°  27.  The 
acid  began  to  freeze  in  pouring  it  into  the  jar  in  which  the 
mixture  was  to  be  made,  and  flood  flatlonary  there  at  —  19°,  as 
related  in  Art,  6.  ;  fo  that  the  liquor  at  the  beginning  of  the 
experiment  was. white  and  thick,  which  made  the  effeft  of  the 
addition  of  the  fnow  lefs  fenfible.  However,  the  congealed 
matter  conflantly  fubfided  to  the  bottom,  and  the  quantity 
feems  to  have  continued  Increaflng  to  the  end  of  the  experi¬ 
ment.  The  heat  of  the  mixture  rofe  to  -  4°  before  cold  began 
to  be  produced,  and  the  quantity  of  fnow  added  was  -W  of 
that  of  the  acid,  fo  that  the  flrength  of  the  acid  was  reduced 
to  ,437  by  the  dilution. 

A  very  remarkable  circumflance  in  this  experiment  Is,  that  ‘ 
the  acid,  while  the  fnow  was  adding,  firfl  became  of  a^yel- 

lowifh, 
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lovvlfh,  and  afterwards  of  a  greenifh  or  bluifh  hue.  This 
colour  did  not  go  off  by  {landing,  but  continued  at  leafl  ten 
days,  during  which  time  the  acid  conftantly  kept  that  colour, 
except  when  by  hafty  freezing  it  fhot  into  fmall  filaments,  in 
which  cafe  it  put  on  the  white  appearance  which  tliefe  acids 
always  aflumed  under  thofe  circumftances ;  but  once  that  by 
gradual  freezing  it  {hot  into  tranfparent  ice,  this  ice  was  of  a 
bluifh  colour. 

It  is  difficult  to  conceive  what  this  colour  fhould  proceed 
from.  Spirit  of  nitre  is  well  known  to  aflume  this  colour 
wdien  much  phloglilicated  and  properly  diluted  ;  but  ,one  does 
not  fee  why  it  fliould  become  phlogifticated  by  the  addition  of 
the  fnow,  and  {lill  lefs  why  the  dephlogiflicated  acid  fliould 
become  more  phloglilicated  thereby  than  the  common  acid  did  ; 
for  though  it  is  not  extraordinary,  that  a  procefs  not  capable 
of  producing  any  increafe  of  phlogiftlcation  in  the  common 
acid,  fhould  make  this  as  much  phlogifticated  as  that,  yet  it  Is 
very  extraordinary  that  It  fliould  make  it  more  fo.  No  notice 
is  taken  of  any  effervefcence  or  difcharge  of  air  while  it  was 
afluming  this  colour,  nor  was  it  obferved  that  It  became  more 
fmoking  thereby,  or  that  the  top  of  the  phial  in  which  It  was 
kept  became  full*  of  red  fumes,  as  might  naturally  be  expedled 
if  it  was  rendered  much  phlogifticated.  Thefe  are  circum¬ 
ftances  which,  confiderlng  Mr.  M^Nab’s  great  attention  to  fet 
down  all  the  phaenomena  that  occurred,  I  fliould  think  would 
hardly  have  been  omitted  if  they  had  really  happened. 

15.  It  is  remarkable,  that  in  both  thefe  experiments  the 
addition  of  fnow  produced  heat,  until  it  arrived  pretty  exadlly 
at  what  was  found  to  be  the  freezing  point  of  the  diluted  acid  ; 
bur  that  as  foon  as  it  arrived  at  that  point,  the  addition  of, 
more  fnow  began  to  produce  cold.  This  can  hardly  be  owing 
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merely  to  accident,  and  to  both  acids  having  happened  to  be  of 
that  precife  degree  of  heat  before  the  experiment  began,  that 
their  heat  after  dilution  flaould  coincide  with  the  freezing  point 
an  Averins:  to  their  new  ftren2:th.  The  true  can  fe  feems  tO'be 

O  O 

as  follows.  It  will  be  (hewn  in  Art.  16.  and  17.  that  the 
freezing  point  of  thefe  acids,  when  diluted  as  in  the  foregoing 
experiments,  is  much  lefs  cold  than  when  they  are  confiderably 
more  diluted  ;  and  it  was  before  flievvn  to  be  much  lefs  Cold 
than  when  not  diluted  ;  fo  that  there  mud:  be  a  certain  degree 
of  ftrength,  not  very  different  from  that  to  which  thefe  acids 
were  reduced  by  dilution,  at  which  they  freeze  with  a  lefs 
degree  of  cold  than  when  they  are  either  ftronger  or  weaker. 
Now  in  thefe  experiments^  the  temperature  of  the  liquors  bc'- 
fore  dilution  was  below  this  point  of  eafieft  freezing,  and  a  great 
deal  of  the  acid  was  in  a  ftate  of  congelation  all  the  time  of 
dilution ;  the  confequence  of  which  Is,  that  when  they  were 
diluted  to  the  ftrength  of  eafieft  freezing,  they  would  alfo  be 
at  the  heat  of  eafieft  freezing ;  for  they  could  not  be  below 
,  that  point,  becaufe,  if  they  were,  fo  much  of  the  acid  would 
immediately  freeze  as  would  raife  them  up  to  it ;  and  they 
could  not  be  above  it,  for,  if  they  w^ere,  fo  much  of  the  con¬ 
gealed  acid  would  diflblve  as  would  fink  them  down  to  it. 
After  they  were  arrived  at  this  ftrength  of  eafieft  freezing,  the 
additioo  of  more  fnow  would  produce  cold,  unlefs  this  ftren  gth 
be  greater  than  that  at  which  the  addition  of  a  fmall  quantity 
of  fnow  begins  to  produce  cold ;  but  even  were  this  the  cafe, 
heat  would  not  be  produced,  but  the  temperature  of  the  acids 
would  remain  ftatlonary  until  they  were  fo  much  diluted  that 
the  addition  of  more  fnow  ftiould  produce  cold.  So  that,  in 
either  cafe,  the  heat  of  the  acids,  at  the  time  that  the  addition 
of  frelh  fnow  began  to  produce  cold,  muft  be  that  of  eafieft 
VoL.  LXXVI.  L  1  freezing ; 
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freezing;  and  confeqncntly,  as 'this  heat  was  found  to  coincide 
very  nearly  with  the  freezing  point  of  thefe  acids,  after  dilu¬ 
tion,  it  follows  that  their  ftrengths  at  that  time  could  differ 
very  little  from  the  ftrength  of  ealieft  freezing. 

If  the  temperature  of  the  liquors  at  the  beginning  of  the  experi¬ 
ment  had  been  above  the  point  of  ealieft  freezing,  none  of  the  acid 
would  have  congealed  during  the  dilution,  and  nothing  could 
have  been  learnt  from  the  experiment  relating  to  the  point  of  ea- 
fieft  freezing  ;  but  the  heat  would  have  kept  Increaling,  till  the* 
acid  was  diluted  to  that  degree  of  ftrength  at  which  the  cold  pro¬ 
duced  by  the  diflblving  of  the  fnow  was  juft  equal  to  the  heat 
produced  by  the  union  of  the  melted  fnow  with  the  acid  *  ; 
after  which  the  addition  of  more  fnow  would  begin  to  produce 
cold.  When  I  recommended  this  method  of  finding  the  beft 
ftrength  of  fplrit  of  nitre  for  producing  cold,  by  the  addition' 
of  fnow,  I  was  not  aware  of  any  impediment  from  the  freez¬ 
ing  of  the  acid,  in  which  cafe  it  would  have  been  a  very  pro-’ 
per  method;  but  on  account  of  this  circumftance'lt  can  hardly 
be  confidered  as  fuch,  except  when  the  cold  of  the  acid  at  fet- 
llng  Out  is  lefs  than  that  of  ealieft  freezing; 

In  the  dephloglfticated  fpirlt  of  nitre  the  freezing  points^ 
anfwerlng  to  the  ftrength  of  ,434,  ,53,  and  ,56,  -  were  faid  to 
be  -  4°f ,  -  19'^,  and  -  30°  ;  and  the  differences  of  —  30"^  and 
—  19^  from  “4°i  are  to  each  other  very  nearly  in  the  • 
duplicate  ratio  of  ,126  and^,096,  the  differences  of  the'cor- 
refponding  ftrengths  from  ,434;  which^  as  ,43413  the -ftrength  * 
of  ealieft  freezing,  is  the  proportion  that  -might '‘naturally  be  ^ 

In  the  experiment  related  in  my  obfervations  on  Mr.  Hutchins’s  Experi¬ 
ments,  this  flrength  was  rather  greater  than  that  of  eafieft  freezing:  but  whether  ^ 
it  is  fo  in  degrees  of  cold-exceeding  that  in  which  my  expeliirfetit  was  fried,  does  ’ 
not  appc  ar, 
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cxpeSed,  and  confequently  ferves  in  fome  meafure  to  confirm 
the  reafoning  in  this  and  the  12th  Article. 

.  16.  After  Mr.  M'"  Nab  had  diluted  thefe  acids  as  above-, 
mentioned,  he  divided  each  of  them  into  two  parts,  and  tried 
what  degree  of  cold  could  be' produced  by  mixing  them  with 
fnow.  On  January  15th,  one  of  thefe  parts  of  the  common 
fpirit  of  nitr,e  was  tried.  It  was  fluid  when  the  experiment 
bpgan,  though  its  temperature,  as  well  as  that  of  the  fnow, 
was  —  2I°4-;  but  on  adding  fnow  it  immediately  began  to 
freeze,  and  grew  thick,  and  its  heat  increafed  to  —  2°i  ;  but  by 
the  additipn  of  more  fnow  it  quickly  funk  again,  and  at  lafl: 
got  to  —  During  the  addition  of  the  fnow,  the  mixture 

grew  thinner,  and  by  the  time  it  arrived  at  nearly  the  greateft 
degree  of  cold,  confifled  vlfibly  of  three  parts:  the  loweft' 
part,  which  coiififled  of  frozen  acid,  was  white  and  felt 
grUty ;  the  upper  part,  w’hich  occupied  about  an  equal  fpace, 
was  alfo  white,  but  felt  foft,  and  mufl  have  confifled  of  un- 
melted  fnow ;  the  other  part,  which  occupied  by  much  the 
fmalleft  fpace,  was  clear  and  fluid.  The  quantity  of  fnow" 
added  was  about  of  the  weight  of  the  acid,  and  confe¬ 
quently  its  ftrength  was  reduced  to  ,243. 

Though- fnow  was  added  to  the  acid  in  this  experiment  as 
long  as,  and  even  longer  than,  it  produced  any  increafe  of 
cold,  yet  fome  days  after,  on  adding  more  fnow  to  the.  mix¬ 
ture,  while  it*  was  fluid,  and  of  the  temperature  of  —4o^|> 
the  cold  was  increafed  to  -  44°!,^ or  i  degree  lower  than  before. 
Mr.  Nab  did  not  perceive  the  fnow  to  melt,  though  in-  all 
probability  fome  mufl:  have  done  fo,  ort  no  cold  would  have; 
been  produced. 

The  caufe  of  this  feems  to  be,  that  In  the  preceding  expe¬ 
riment  the  congealed  part  of  the  acid  was  flronget  than  the 
.  '  L  1  2  >  fluid 
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fluid  part ;  fo  that,  though  the  fluid  part  was  not  flrong  enough 
to  difiblve  fnow  in  a  cold  greater  than  -  43'' h  yet  the  whole 
acid  together  was  flrong  enough  to  do  it  in  a  cold  one  degree 
greater. 

clrcumftance  occurred  in  the  laft  experiment  which  I  can*' 
not  at  all  lee  the  reafon  of ;  namely,  a  fmall  part  of  the  acid 
being  poured  into  a  faucer,  before  the  addition  of  the  fnow,  it 
was  in  an  hour’s  time  changed  into  folld  ice,  though  the  cold' 
of  the  air,  at  the  time  the  acid  was  poured  out,  was  only  -41°!, 
and  does  not  feem  to  have  increafed  during  the  experiment. 

17. '  On  December  30,  the  other  half  of  the  fame  acid  had 
been  tried  in  the  fame  manner  ;  at  the  beginning  of  the  experi¬ 
ment  not  more  than  one-ninth  part  of  the  acid  was  fluid,  the 
reft  folid  clear  ice;  its  temperature  was  —  34'’|,  and  that  of  ' 
the  fnow  nearly  the  fame;  the  greateft  degree  of  cold  produced 
was  —  42^1  ;  and  the  quantity  of  fnow  employed  was  about, 
one-eighteenth  of  the  weight  of  the  acid;  fo  that  the ftrength 
of  the  mixture  was  ,38.  7"he  freezing  point  of  the  acid  thus 
diluted  appears  to  be  about  —45°!;  for  by  the  increafe  of 
warmth  during  the  day-time,  moft  of  the  congealed  matter  ' 
diflblved ;  but  in  the  evening  it  began  to  freeze  again,  fo  as  to  , 
become  thicker,  its  temperature  being  then  —  45°^  ;  and  the 
next  morning  it  was  frozen  folid,  its  cold  being  one  degree* 
greater. 

18.  On  December  12,  the  diluted  fpirit  of  nitre  N°  139* 

-  ♦ 

whofe  ftrength  was-^,1 75,  was  found  frozen,  its  temperature  ' 
being  -  17.  The  fluid  part,  which  was  full  of  thin  flakes  of 
clear  ice,  and  was  of  the  conflftence  of  fyrup,  was  decanted' 
into  another  bottle,  and  fent  back.  Its  ftrength  w’-as  ,21,  and^ 
was  greater  than  that  of  the  undecahted  part  iii  the  proportion 
of  ,21  to  ,16  ;  fo' that,  as  not  much  of  the  uudecanted  partwas 

2  ■  ^  really 
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really  congealed,  the  frozen  part  of  the  acid  muft  have  been' 
much  weaker  than  the  reft,  If  not  mere  water.  Accordingly, 
during  the  melting  of  the  undecanted  part,  the  frozen  particles 
fwam  at  top.  Mr.  M*;  Nab  added  fnovv  to  a  little  of  the  de¬ 
canted  liquor,  but  it  did  not  diflblve,  and  no  increafe  of  cold 
was  produced. 

19,  From  thefe  experiments  It  appears,  that  fpirit  of  nitre  Is 
fubjebl  to  two  kinds  of  congelation,  wdiich  we  may  call  the 
aqueous  and  fpirituous;  as  in  the  firft  it  is  chiefly,  if  not  in- 
tirely,  the  watery  part  which  freezes,  and  in  the  latter  tlie 
fpirit  itfelf.  Accordingly,  when  the  fpirit  Is  cooled  to  the  point 
of-  aqueous  congelation.  It  has  no  tendency  to  diflblve  fnow  and 
produce  cold  thereby,  but  on  the  contrary  Is  difpofed  to  part 
wdth  Its  own  water  ;  wdiereas  its  tendency  to  diflblve  fnow  and 
produce  cold,  is  by  no  means  deftroyed  by  being  cooled  to  the 
poinfof  fpirituous  congelation,  or  even  by  being  ablually  con¬ 
gealed.  When  the  acid  is  exceflively  dilute,  the  point  of 
aqueous  congelation  muft  neceflarily  be  very  little  below  that 
of  freezing  water;  when  the  ftrength  is  ,21,*  it  is  at  -17°, 
and  at  the  ftrength  of  ,243,  it  feems,  from  Art.  16.  to ‘be  at 
— '44°|.  Spirit  of  nitre,  of  the  foregoing  degrees  of  ftrength, 
is  liable  only  to  the  aqueous  congelation,  and  it  is  only  ki' 
greater  ftrengths  that  the  fpirituous  congelation  can  take  place. 
This  feems  to  be  performed  with  the  leaft  degree  of  cold,  when 
the  ftrength  Is  ,411,  in  which  cafe  the  freezing  point  is  at 
-  i^i.  When  the  acid  is  either  ftronger  or  weaker,  it  requires 
a  greater  degree  of  cold  ;  and  in  both  cafes  the  frozen  part 
feems  to  approach  nearer  to  the  ftrength  of  ,411  than  the  un-' 
frozen  part;  It  certainly  does  fo,  when  the  ftrength  is  greater 
than  ,41 1,  and  there  is  little,  doubt  but  what  it  does  fo  in  the 
other '.cafe.  At  the  ftrength  of  ,54  the  point  of  fpirituous 

congelation . 
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congelation  is  31°!,  and  at  ,33  probably  -45®!  ;  at  leafl:  onq 
kind  of  congelation  takes  place  at  that  point,  and  there  is  little 
doubt  but  that  it  is  of  the  fpirituous  kind.  In  order  to  prefent 
this  matter  more  at  one  view,  I  have  added  the  following 
table  of  the  freezing  poliit  of  common  fpirit  of  nitre  anfvyering 
to  different  ftrengths. 


Strength. 

Freezing 

point. 

0 

—  I  i 

3  ^ 

—  T  I* 

A  2  , 

■ 

00 

-45? 

,243 

-44J 

,2*1 

-17 

} 


fpirituous  congelation, 
aqueous  congelation. 


20.  In  trying  the  firft  half  of  the  dephlogifticated  fpirit  of 
nitre,  the  cold  produced  was  —44°!.  The  acid  was  fluid  be- 
fore  the  addition  of  the  fnow,  and  of  the  temperature  of  —  30°, 
but  froze  on  putting  in  the  thermometer,  and  rofe  to  -  5°,  as 
related  in  Art.  7. 

In  trying  the  fecond  part,  the  acid  was  about  o®  before  the 
addition  of  the  fnow,  and  therefore  had  no  difpofition  to  freeze... 
The  cold  produced  was  —42°!. 

As  the  quantity  of  fnow  added  in  thefe  experiments  was  not 
obferved,  they  do  not  determine  any  points  of  aqueous  or  fpi¬ 
rituous  congelation  In  this  acid ;  but  there  is  reafon  to  think,  ^ 
that  thefe  points  are  nearly  the  fame  as  thofe  of  common  fpirit 
of  nitre  of  the  fame  ftrength,  as  the  cold  produced  in  thefe 
experiments  was  nearly  the  fame  as  that  obtained  by  the  com¬ 
mon  fpirit  of  nitre. 


*  The  point  of  ealieft  freezing. 
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On  the  Vitriolic  Jlcid, 

21*  On  December  12,  the  ftrong  oil  of  vitriol  N**  [51.  was 
found  frozen,  and  was  nearly  of  the  colour  and  confidence  of 
hogs-lard.  Its  temperature,  found  by  preffing  the  ball  of  a 
thermometer  into  it,  was  ~  15°,  and  that  of  the  air  nearly  the 
fame;  but  in  the  night  it  had  been  expofed  to  a  cold  of  - 
It  difTolved  but  flowly  on  being  brought  into  a  warm  room,' 
and  was  not  completely  melted  before  It  had  rifen  to +20% 
and  even  then  was  not  very  fluid,  but  of  a  fyrupy  confiftence. 
During  the  progrefs  of  the  melting,  the  congealed  part  funk  to 
the  bottom,  as  in  fpirit  of  nitre  ;  and  many  air  bubbles  fepa- 
rated  from  the  acid,  which,  when  it  was  completely  melted, 
formed  a  little  froth  on  the  furface.  As  foon  as  It  was  fuffi- 
ciently  melted  to  admit  of  It,  which  was  not  till  it  had  rifen 
to  the  temperature  of  -f  10%  the  fluid  part  was  decanted,  and 
both  were  fent  home  to  be  examined. 

It  is  remarkable,  that  the  frozen  part  did  not  intirely  diflTolve 
until  the  temperature  was  fo  much  increafed.  This  would  in¬ 
cline  one  to  think,  that  the  frozen  part  mufl:  have  differed  ni' 
fome  refpeft  from  the  relf,  fo  as  to  require  much  lefs  cold  to 
make  it  freeze ;  but  yet  I  could  not  find  that  the  ftrength  of 
the  decanted  part  differed  fenfibly  from  the  reft. 

It  appeared  by  another  bottle  of  oil  of  vitriol,  which  alfo 
froze  by  the  natural  “cold  of  the  air,  that  this  acid,  as  well  as" 
the  nitrous,  contrafts  in  freezing! 

22.  On  December  21,  when  the  weather  was  at  —30°,  the* 
vitriolic  acid  N°  103'.’  was  diluted  with  fnow,^  as  dlre(fted"in 
Art.  3.'  The"  fnow  dlftblved  immediately,  and  no  figns"  of  = 
congelation  ’  appeared  •  during .  any  part '  of  ^th'e  procefs.  The  ^ 

temperature 
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temperature  of  the  acid  rofe  only  one  degree  before  it  began  to 
fink,  and  the  weight  of  the  fnow  added  was  only  -i-f/.-  of  that 
of  the  acid,  fo  that  its  flrength  was  reduced  thereby  to  ,605  ; 
which  is  therefore  the  befl:  degree  of  ftrength  for  producing 
cold  by  the  addition  of  fnow,  when  the  degree  of  cold  fet  out 
with  is  —  30°.  This  ftrength  is  one-fifteenth  part  lefs  than 
what  I  found  myfelf,  by  a  fimilar  experiment,  when  the  tem¬ 
perature  of  the  acid  was +27°;  which  fhews,' that  the  beft 
degree  of  ftrength  is  rather  lefs,  when  the  degree  of  cold  let 
out  wdth  is  great  than  when  fmall,  but  that  it  does  not  differ 
much. 

23.  The  acid  thus  diluted -was  divided  into  twm  parts,  and 
the  next  day  Mr.  Nab  tried  what  degree  of  cold  could  be 
produced  by  adding  Ihow  to  one  of  them.  The  temperature 
of  the  air  at  the  time  was  -39'’,  and  the  mixture  funk  by  the 
procefs.  to  —  55^1.  The  fnow  diffolved  readily,  and  the  mix¬ 
ture  did  not  lofe  much  of  its  fluidity  until  it  had  acquired 
nearly  Its  greateft  degree  of  cold,  nor  did  any  congealed  mat¬ 
ter  fink  to  the  bottom  in  any  part  of  the  procefs.  The  quan¬ 
tity  of  fnow  added  wxis  about of  the  weight  of  the  acid, 
fo  that  the  ftrength  of  the  mixture  was  about  ,325. 

.24.  On  January  i,  thin  cryftals  of  ice  were  found  diffufed 
all  through  this  mixture,  the  temperature  of  the  air  being 
—  but  that  of  the  liquor  was  not  tried.  As  this  conge¬ 
lation  muft  have  been  of  the  aqueous  kind,  and  feems  to  have 
taken  place  at  the  temperature  of  -  51"’!,  it  fliould  follow,  that 
this  acid  had  no  power  of  diffolvlng  fnow  In  a  cold  of  51®!  ;  fo 
that  It  does  not  at  firft  appear  why  a  cold  four  degrees  greater 
than  that  fhould  have  been  produced  In  the  foregoing>  experi¬ 
ment.  The  reafon  Is,  that  at  the  time  the  mixture  arrived 
at  ~  55°|,  it  appeared  by  the  diminution  of  its  fluidity  to  have 

contained 
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contained  fome  nndiffolved  fnow,  and  feme  more  was  added  to 
it  after  that  time,  which  before  the  firft  of  January  diffoived 
and  mixed  with  the  acid  ;  fo  that  the  acid  in  the  mixture,. at  the 
time  it  funk  to  -  55®i,  was  not  quite  fo  much  diluted  as  that 
'which  froze  on  January  i.  This  Is  the  reverfe  of  wdiat  hap¬ 
pened  in  the  trial  of  the  nitrous  acid  in  Art.  15.  as  in  that 
experiment  the  fluid  part,  at  the  time  of  the  greatefl:  cold,  was 
weaker  than  the  whole  mixture  together;  but  it  muft  be  con- 
fidered,'  that  that  mixture  contained  much  congealed  acid,  as 
•well  as  undiflblved  fnow,  whereas  this  contained  only  the  latter. 

25.  On  January  i,  fnow  w^as  added  to  the  other  half  of  ttie 
acid  diluted  on  December  21.*  The  cold  produced  was  much 
greater  than*  before,  namely  —  68°^  ;  this  feems  to  have  pro- 
•ceeded,  partly  from  the  air  and  materials  having  been  12  degrees 
.colder  in  this  than  in  the  former  experiment,  and  partly  from 
the  fnow  having  been  added  fafter,  fo  that  the  mixture  arrived 
at  Its  greatefl:  degree  of  cold  in  20"^,  whereas  it  before  took  up 

•  46^  Another  reafbn  is,  that  the  former  mixture  was  made  rn 
•too  fmall  ajar,  In  confequence  of  which  it  was  poured  into  a 
larger  before  the  experiment  was  completed,  whereby  fome 
.cold  was  loft.  The  quantity  of  Inow  uled  in  this  experiment 
•vvas  lefs  than  in  the  former,  fo  that  the  ftren^th  of  the  acid 
after  the  experiment  was  about  ,343.  The  mixture  alfo  grew 
•rhuch  thicker,  and  had  a  degree  of  elafticlty  refembling  jelly  ; 
•but  whether  this  was  owing  only  to  more  fnow  remaining 
.  undiflblved,  or  to  any  other  caufe,  I  cannot  tell. 

26.  Great  as  the  foregoing  degree  of  cold  is,  Mr.  Nab^ 
.on  February  2,  produced  one  much  greater.  In  hopes  of  ob- 
:tainlng  a  greater  degree  of  cold  by  previoufly  cooling  the  ma¬ 
terials,  he  cooled  about  ieven  ounces  of  oil  of  vitriol,  whole 

'  ftrengjth  was  ,629;  that  is,  rather  ftronger  than  the  foregoing 
VoL.  LXXVI.  M  m  f 
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by  placing  the  jar  in  which  it  was  contained  in  a  freezing  mix¬ 
ture  of  oil  of  vitriol  and  fnow;  the  fnovv  intended  to  be  ufed 
was  alfo  cooled  by  placing  it  under  the  veffel  in  which  the 
freezing  mixture  was  made.  As  foon  as  the  acid  in  the  jar 
was  cooled  to  the  temperature  of  —  a  little  of  the  fnow 

was  added,  on  which  it  immediately  began  to  freeze,  and  rofe 
to  —  36°  ;  but  In  about  40  minutes,  as  the  jar  was  ftill  kept  In  the 
freezing  mixture,  it  funk  to  —  48° ;  by  which  time  it  was 
grown  very  thick  and  gritty,  efpeciaily  at  bottom^  More  of 
the  cooled  fnow  was  then  added,  which  in  a  fhort  time  made 
k  fink  to  —  78"!,  and  at  the  fame  time  the  thicknefs  and  tena¬ 
city  of  the  mixture  dimlnifhed ;  fo  that  by  the  time  it  arrived 
at  the  greateft  degree  of  cold,  very  little  thicknefs  remained. 

It  is  worth  inquiring,  what  was  the  reafon  of  the  greater 
degree  of  cold  produced  in  this  than  in  the  preceding  experi¬ 
ment  ?  It  could  not  be  owing  to  the  materials  being  colder 
for  at  the  time  of  the  fecond  addition  of  fnow,.  at  which  time  the 
experiment  may  be  confidered  to  have  begun,  the  acid  was  not 
colder  than  at  the  beginning  of  the  preceding  experiment,  and 
the  fnow  in  all  probability  not  much  colder.  It  could  not  be 
owing  neither  to  the  jar  having  been  kept  in  the  freezing  mix¬ 
ture  :  for  though  that  mixture  was  three  or  four  degrees  colder 
than  the  air  in  the  preceding  experiment,  yet  the  acid  in  the  jar, 
before  it  acquired  much  addition  of  cold,  would  be  robbed  of  its 
cold  fafter  by  the  mixture  than  it  would  by  air  of  the  fame 
temperature  as  that  in  the  preceding  experiment.  Neither  could 
it  proceed  from  any  difference  in  the  ftrength  of  the  acid  ;  for 
what  difference  there  was  muft  have  done  more  hurt  than  good« 
The  true  reafon  is,  that  the  acid  was  in  a  ftate  of  congelation  : 
for  as  the  congealed  acid  united  to  the  fnow  and  became  fluid  by 
the  union,  it  is  plain,  that  cold  muft  have  been  produced  both 

by 
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•  by  the  melting  of  the  fnow  and  by  that  of  the  acid  ;  whereas,  if 
the  acid  had  been  in  a  fluid  ffate,  cold  would  have  been  pro¬ 
duced  only  by  the  firft  caufe,  and  confequently  a  greater  de- 
■gree  of  cold  fliould  be  produced  in  this  experiment  than.  In  the 
.former.  The  only  inconvenience  attending  the  acid  being 
in  a  flate  of  congelation  is,  that  in  all  probability  it  does  not 
unite  to  the  fnow  fo  readily  as  when  in  a  fluid  ftate ;  but  the 
difference  feems  not  material,  as  the  cold  was  produced,  and 
the  materials  melted,  in  5  minutes. 

27.  The  day  before,  Mr.  M*"  Nab,  by  adding  fnow  to  fome 
of  the  fame  acid  in  the  ufual  manner,  when  the  cold  of  the 
materials  was  —  46°,  produced  a  cold  of  only  —  66^". 

28.  In  thefe  four  laft  experiments  the  acid  was  reduced,  by 
'the  addition  of  the  fnow,  to  the  ftrengths  of  ,325,  ^343,  ^403, 
/and  ,334 ;  and  the  cold  produced  in  them  was  before  faid  to 
be~55°{,  —  68°f,  —  78°! ,  and  -  66"" ;  whence  we  may  con- 
xliide,  that  thefe  are  nearly  the  points  of  aqueous  congelation 
anfwering  to  the  foregoing  ftrengths  ;  only  it  appears,  from 
what  was  faid  in  Art.  24.  that  the  ftrengths  here  fet  down  are 

‘  all  of  them  rather  too  fmall. 

Though  it  is  certain  that  oil  of  vitriol  Is  capable  of  the  fpi- 
rltuous  congelation,  and  though  It  appears,  both  from  the  fore¬ 
going  experiments  and  from  fome  made  by  the  Due  d’Aven  * 
and  by  M.  de  Morveau  +,  that  it  freezes  with  a  lefs  degree  of 
cold  when  ftrong  than  when  much  diluted,  it  is  not  certain 
whether  it  has  any  point  of  eafieft  freezing,  like  fpirit  of  nitre, 
or  whether  the  cold  required  to  freeze  it  does  not  continually 
diminifli  as  the  ftrength  increafes,  without  limitation  ;  but  the 
latter  opinion  is  the  moft  probable.  For  the  Due  d’Ayen’s  and 

*  Diftion.  de  Chym.  par  Maccijjer,  2*^'  edit. 

f  Nouv.  Mem.  de  TAcadem.  de  Dijon,  1782,  femellrc,  p.  68, 
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M.  DE  Morveau’s  acids,  which,  as  they  were  concentrated  on 
purpofe,  were  moft  likely  ftronger  than  Mr.  Nab’s,  froze 
with  a  cold  lei's  than  zero  of  Fahrenheit  ;  whereas  the 
freezing  point  of  Mr.  Nab’s  undiluted  acid,  whofe  ftrength- 
was  ,98,  was  —  i  5°,and  that  of  the  diluted  acid,  whofe  flirength 
was  ,629,  was  -^36?  ;  and  when  the  acid  was  more  diluted,  it 
was  found  to  bear  a  much  greater  cold  without  freezing.'  It 
appears  alfo,  both  from  Art.  21. 'and  from  M.  de  Morveau’s 
experiment,  that  during  the  congelation  of  the  oil  of  vitriol, 
fome  reparation  of  its  parts  takes  place,  fo  that  the  congealed 
part  differs  In  fome  refpeci  from  the  reft,’  in  confequence  of 
which  it  freezes  with  a  lefs  degree  of  cold  ;  and  as  there  is 
reafon  to  think  from  Art.  21.  that  thefe  two  parts  do  not  differ 
much  in  flrength,  it  feems  as  if  the  difference  between  them 
depended  on  fome  lefs  obvious  quality,  and  probably  on  that, 
whatever  it  is,  which  forms  the  difference  between  glacial 
and  common  oil  of  vitriol.  The  oil  of  vitriol  prepared  from 
green  vitriol,  has  fometimes  been  obtained  in  fuch  a-  ftate  as  to 
remain  conftantly  congealed,  except  when  expofed  to  a  heat 
confiderably  greater  than  that  of  the  atmofphere,  whence  it 
acquired  its  name  of  glacial  It  is  not  known  indeed  upon 
what  this  property  depends,  but  it  is  certainly  fome t bin gjelfe 
than  its  flrength;  for  oil  of  vitriol  of  this  kind  is  always 
fmoking,  and  the  fumes  it  emits  are  particularly  oppreilive 
and  fuffocating,  though  very  different  ffroim  thofe  of  the  vola¬ 
tile  fulphureous  acid.  On  redllfication  likewife  it  yields,  with 
the  gentlefl  heat,  a  peculiar  concrete  fubflance,  in  the  form  of 

laline=  cryffals ;  and  after  this  volatile  part  has  been  driven  off, 

*  ^  .  ... 

^  M:em,  de  rAcaefan,  des  Sc-,  1738,  p.  28B,, 
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che  remainder  is  no  longer  fmoking,  and  has  loft  its  glacial 
quality  *• 

On  the  Mloitiure  of  Oil  of  Vitriol  and  Spirit  of  Nitre  J 

29.  This  mixture  is  not  fo  fit  for  producing  cold  by  the  ad¬ 
dition  of  fnow,  as  oil  of  vitriol  alone  for  the  cold  obtained 
did  not  exceed  —  54°!,  in  either  of  the  experiments  tried  with 
it.  The  point  of  fpirltuous  congelation  of  this  mixture, *when 
diluted  with  fomewhat  more  than  one-tenth’ of  its  weight  of 
water,  is  about  —  20%  and  is  much  lower  when  the  acid  Is  con- 
fiderably  more  diluted  ;  but  as  the  Society  will  -moft  likely  have 
lefs  curiofity  about  the  difpofitlon  to  freeze  of  this  mixture 
than  of  the  fimple  acids,  I  (hall  fpare  the  particulars.  ' 


On  the  Spirit  of  Wine.  •  ;  i  .  ^ 

30.  The  revftified  fpirits  N°  8.  were  diluted  with  fnow,  in 
the  fame  manner  as  the  other  liquors ;  but  were  found  not  to 

^  j  * 

want  any,  as  the  firft  and  only  addition  of  fnow  produced 
cold.  The  quantity  added  was  about  ^*3.  of  the  weight  of  the 
fpirit. 

31.  The  fpirit  thus  diluted  was  divided,  like  the  other 
liquors,  into  two  parts,  and  each  tried  feparately.  The 
firft  was  at  —  45°,  before  the  addition  of  the  fnow,  and  was 
funk  by  the  procefs  to  —  56"^.’  The  fnow,  even  at  the  firft  ad¬ 
dition,  did  not  diffolve  well,  fo  that  the  fpirit  immediately 

*  Crell’s  Neu.  Entdeck,  in  der  Chemie,  Th.’ii,  p,  lOO,  Th.  I2,  p,  24r, 
kc,  and  Annalen,  1785,  St.  5.  p.  438,  &g.  * 

3  .  1  became 
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became  full  of  white ‘fpots  and  grew  thick  by  the  time  It 
arrived  at  its  greateft  degree  of  cold.  After  ftandlng  fome 
hours,  themiixture  rofe  to  the  temperature  of  --39°5  and  was 
grown  clear,  but  yet  was  not  limpid,  but  of  the  confiftence  of 
iVruj).  No  cold  was  produced  by  adding  fnow  to  it  in  that 
ftete„  though  it  appeared  that  its  point  of  aqueous  congelation 
was  at  leaf!:  6  degrees  lower  than  its  temperature  at  that  time  ‘f* ; 
which  feems  to  fhew  that  fpirit  of  wine  has  fcarce  any  power 
of  dlflblvlng  fnoW  when  it  wants  even  6  degrees  of  its  point  of 
aqueous  congelation,  and  therefore  is  another  inftance  that 
fnow  is  diflolved  much  lefs  readily  by  fpirit  of  wine  than  by 
the  nitrous  and  vitriolic  acids. 

■32.  In  trying  the  other  part  of  the  diluted  ^fpirits,  the  cold 
produced  was  only  —  47^15  the  cold  fet  out  with  being  —  37'^. 

33. 'It  appeared  by  the  diluted  fpirit  of  wine  N°  143.  which 
on  December  12  froze  by  the  natural  cold  of  the  atmofphere, 
and  was  treated  in  the  fame  manner  as  the  diluted  fpirit  of 
nitre,  that  when  highly  reftified  fpirit  of  wine,  fuch  as  N°  8. 

.  i  i 

]S 

CO 

was  white  like  diluted  milk,  and  even  the  decanted  part,  which 
was  full  of  thin  films  of  ice,  had  a  milky  hue.  The  fluid 
part  was  ftronger  than  the  reft,  and  no  increafe  of  cold  was 
produced  by  adding  fnow  to  fome  of  it,  both  of  which  are 
nial'ks  bf  aqueous  congelation. 

This  was  not  the  cafe  during  the  above-mentioned  dilution  of  the  fpirits ; 
but  the  cold  was  16  degrees  lefs  in  that  experiment  than  in  this. 

t  account  of  the  dilution  which  the  fpirits  fuffered  by  the  melting  of  the 
fnow  which  remained  undiflblved  at  the  time  of  the  greateft  cold,  its  point  of 
aqueous  congelation  was  no  longer  fo  low  as  —56°;  but  it  ftill  was  not  lefs  than 
-as  in  the  evening  it  was  found  at  that  temperature,  without  much  con¬ 
gealed  matter  in  it, 

7  Though 


diluted  with  i-j-V  its  weight  of  water,  its  point  of  aqueous 
ngelation  will  be  at  —  21^.  The  congealed  part  of  the  fpirit 
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Though  the  foregoing  experiments  confirm  the  truth  of 
what  I  faid,  In  the  account  of  Mr.  Hutchins’s  experiments, 
concerning  the  caufe  of  the  cold  produced  by  mixing  fnow 
with  different  liquors,  and  intirely  clear  up  the  difficulty  re¬ 
lating  to  it  which  I  mentioned  in  Art.  i.  yet  feveral  quefiions 
may  naturally  occur  5  fuch  as,  why  the  cold  produced  by  the 
oil  of  vitriol  was  fo  much  greater  than  that  obtained  by  the 
ipirit  of  nitre,  notvvithftanding  that  in  warmer  climates  the 
nitrous  acid  feems  to  produce  more  cold  ?  and  why  the  cold 
produced  by  the  nitrous  acid,  notwithftandlng  its  previous  dilu¬ 
tion,  which  might  naturally  be  expected  to  be  of  fervice,  was 
not  greater  than  has  been  obtained  by  other  perfons  without 
that  precaution  ?  But  as  this  would  lead  me  into  difquifitions 
of  confiderable  length,  without  my  being  able  to  fay  any 
thing  very  fatisfadlory  on  the  fubjedl,  I  ffiall  forbear  entering 
into  it.  I  wdll  only  obferve,  that  in  moft  of  the  foregoing 
experiments,  Mr.  M^  Nab  would  probably  have  produced 
more  cold,  if  he  had  added  the  fnow  fafter.  We  ought 
not,  however,  to  regret  that  he  did  not,  as  its  effefts  on  the- 
^cids  would  then  have  been  lefs  fenfible. 

The  natural  cold,  when  thefe  experiments  were  made,  is  re¬ 
markable  ;  as  there  were  at  leaft  nine  mornings  in  which  the: 
cold  was  not  lefs  than  that  of  freezing  mercury ;  four  in  which 
it  was  at  leaft  eight  degrees  below  that  point,  or  -  47° ;  and' 
one  in  which  it  was  —  50^.  Whereas  out  of  nine  winters, 
during  which  Mr.  Hutchins  obferved  the  thermometer  at 
Albany  Fort,  there  were  only  twelve  days  in  which  the  cold 
was  equal  to  that  of  freezing  mercury,  and  the  greateft  cold 
feems  to  have  been  I  cannot  learn  whether  the  laft 

winter  was  more  fevere  than  ufual  at  Hudfon’s  Bay  ;  or  whe¬ 
ther  Henley-Houfe  is  a  colder  fituatiou  than  Albany,  which 
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may  perhaps  be  the  cafe ;  forthough  it  is  only  136  miles  diftant 
from  it,  yet  it  Hands  inland,  and  to  the  W.  or  S  W.  of  it, 

’which  is  the  quarter  from;which  the  coldeft  winds  blow. 

-  '  > 
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Mr.  M®  Nab’s  original  account  of  the  experiments  which 
furnlflied  the  materials  of  this  Paper,  having  been  thought  too 
long  to  be  printed  in  detail,  is  depolited  in  the  Archives  of 
the  Society. 
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